Electron angular correlation in neutrinoless double beta decay and new
  physics by Ali, A. et al.
ar
X
iv
:0
80
1.
25
12
v1
  [
he
p-
ph
]  
16
 Ja
n 2
00
8
ELECTRON ANGULAR CORRELATION IN NEUTRINOLESS
DOUBLE BETA DECAY AND NEW PHYSICS
A. Ali a
Deutsches Elektronen-Synchrotron, DESY, 22607 Hamburg, Germany
A.V. Borisov b, D.V. Zhuridov c
Faculty of Physics, Moscow State University, 119991 Moscow, Russia
Abstract.The angular correlation of the electrons in the neutrinoless double beta
decay (0ν2β) is calculated taking into account the nucleon recoil, the S and P -
waves for the electrons and the electron mass using a general Lorentz invariant
effective Lagrangian. We show that the angular coefficient is essentially indepen-
dent of the nuclear matrix element models. We work out the angular coefficient in
several scenarios for new physics, in particular, in the left-right symmetric models.
1 Introduction
It is now established that the observed neutrinos have tiny masses and they mix
with each other [1]. Theoretically, it is largely anticipated that the neutrinos
are Majorana particles. Experimental evidence for 0ν2β decay would deliver a
conclusive confirmation of the Majorana nature of neutrinos, establishing the
existence of physics beyond the standard model (SM) [2]. An extended version
of the SM could contain tiny nonrenormalizable terms that violate lepton num-
ber (LN) and allow the 0ν2β decay. Probable mechanisms of LN violation may
include exchanges by: Majorana neutrinos νM s [3,4] (the preferred mechanism
after the observation of neutrino oscillations [1]), SUSY particles [5, 6], scalar
bilinears (SBs) [7], e.g. doubly charged dileptons (the component of the SU(2)L
triplet Higgs etc.), leptoquarks (LQs) [8], right-handed WR bosons [4, 9] etc.
From these particles light νs are much lighter than the electron and others are
much heavier than the proton that gives two possible classes of mechanisms for
the 0ν2β decay: long range (with the light νs in the intermediate state) and
short range mechanism. Our aim was to examine the possibility to discrimi-
nate among the various possible mechanisms contributing to the 0ν2β-decays
and the various sources of LN violation using the information on the angular
correlation of the final electrons. We published a preliminary study along these
lines in Ref. [10] and a more detailed study in Ref. [11]. Here, we summarize
the main results of Ref. [11].
2 Angular correlation for the long range mechanism of 0ν2β decay
For the decay mediated by light νM s, the most general effective Lagrangian
is the Lorentz invariant combination of the leptonic jα and the hadronic Jα
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currents of definite tensor structure and chirality [12, 13]
L = GFVud√
2
[(Uei + ǫ
V−A
V−A,i)j
µi
V−AJ
+
V−A,µ +
∑
α,β
′
ǫβαij
i
βJ
+
α +H.c.] , (1)
where the hadronic and leptonic currents are defined as: J+α = u¯Oαd and
jiβ = e¯Oβνi; the leptonic currents contain neutrino mass eigenstates, and the
index i runs over the light eigenstates. Here and thereafter, a summation
over the repeated indices is assumed; α, β=V ∓A,S∓P ,TL,R (OTρ = 2σµνPρ,
σµν = i
2
[γµ, γν ], Pρ = (1 ∓ γ5)/2 is the projector, ρ = L, R); the prime
indicates the summation over all the Lorentz invariant contributions, except for
α = β = V − A, Uei is the PMNS mixing matrix. The coefficients ǫβαi encode
new physics, parametrizing deviations of the Lagrangian from the standard
V −A current-current form and mixing of the non-SM neutrinos.
The nonzero ǫβα for the particular SM extensions are collected in Table 1.
Table 1.
Model Nonzero ǫs
with WRs ǫ
V∓A
V∓A
RPV SUSY ǫS∓PS+P , ǫ
V−A
V−A, ǫ
TR
TR
with LQs ǫS+PS∓P , ǫ
V+A
V∓A
We have calculated the leading order in the Fermi constant and the leading
contribution of the parameters ǫβα using the approximation of the relativistic
electrons and nonrelativistic nucleons. We take into account the S1/2 and the
P1/2 waves for the outgoing electrons and include the finite de Broglie wave
length correction for the S1/2 wave. Taking into account the nucleon recoil
terms including the terms due to the pseudoscalar form factor we obtain the
differential width in cos θ for the 0+(A,Z)→0+(A,Z + 2)e−e− transitions:
dΓ
d cos θ
=
ln 2
2
|MGT |2A(1−K cos θ), (2)
where θ is the angle between the electron momenta in the rest frame of the
parent nucleus, MGT is the Gamow–Teller nuclear matrix element and the
angular correlation coefficient is
K = B/A , −1 < K < 1. (3)
Expressions for A and B are given in Ref. [11]. The analytic expressions as-
sociated with the coefficients ǫV+AV∓A confirm the results of Ref. [4], while the
expressions associated with ǫV−AV∓A, ǫ
S∓P
S∓P , ǫ
TL,R
TL,R
transcend the earlier work.
3 Analysis of the electron angular correlation
Consider the case of zero effects of all the interactions beyond the SM extended
by the νM s (i.e., all ǫ
β
α = 0), which we call the “nonstandard” effects. The
values of K = K0 ≡ K(ǫβα = 0) for various decaying nuclei are given in Table 2.
Table 2.
76Ge 82Se 100Mo 130Te 136Xe
K 0.81 0.88 0.88 0.85 0.84
We will concentrate on the case of 76Ge nucleus in the following. The non-
standard terms with ǫV−AV∓A, ǫ
TL
TR
, ǫTRTL do not change the angular correlation (the
value of K) and the terms with ǫS+PS∓P give small corrections to K0. The terms
with any other parameters ǫβα do change this correlation.
Using Table 1 and taking into account the fact that |µβα| are suppressed in
comparison with |ǫβα| by the factor mi/me (the chiral suppression), we find the
coefficient K and the set {ǫ} of nonzero ǫβαs that change the 1− 0.81 cosθ form
of the correlation for the SM plus νMs, see Table 3 (the lower two entries).
Table 3.
SM extension {ǫ} K
νM — 0.81
νM+RPV SUSY ǫ
TR
TR
−1 < K < 1
νM+RC ǫ
V+A
V∓A −1 < K < 1
They correspond to the following extensions of the SM: νM s plus RPV SUSY
[6], νM s plus right-handed currents (RC) (connected with right-handed W
bosons [4] or LQs [8]). Hence, K can signal the presence of this new physics.
Let us now consider some particular cases for the parameter space. We will
analyze only the terms with ǫV∓AV∓A as the corresponding nuclear matrix elements
have been worked out in the literature. We use various types of QRPA [14,15].
In the case of |〈m〉| = 0 the current lower bound T1/2 > 1.6× 1025 yr for the
76Ge nucleus [16] yields the upper bounds on the parameters |µV−AV∓A|, |ǫV+AV∓A|
that give bounds on the parameters of the particular models [11]. The fact
that the dependence of K on the nuclear matrix elements is much weaker than
the uncertainty in T1/2 from this source was illustrated in Ref. [11].
In the case of |〈m〉| 6= 0, cosψi = 0, where i depends on α, β, for ǫV+AV+A 6= 0
|µ|2 = (7.9 + 10K)× 1012/T1/2, |ǫV+AV+A|2 = (5.1− 6.3K)× 1012/T1/2, (4)
with T1/2 in years, and for ǫ
V+A
V−A 6= 0
|µ|2 = (7.7 + 10K)× 1012/T1/2, |ǫV+AV−A|2 = (1.9− 2.4K)× 108/T1/2. (5)
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Figure 1: Correlation between the right-handed W -boson mass mWR (left) or the mixing ζ
(right), the angular coefficient, and the half-life T1/2 for the 0ν2β decay of
76Ge.
The correlations among |ǫV+AV∓A|, T1/2, K were used in the analysis of left-right
symmetric models [17]. In the model SU(2)L × SU(2)R × U(1) we have
mWR = mWL
(
ǫ/
∣∣ǫV+AV+A
∣∣)1/2 , ζ = − arctan (
∣∣ǫV+AV−A
∣∣ /ǫ
)
(6)
for the mass of the right-handed W boson and its mixing angle ζ with the
left-handed one. The correlation among mWR (ζ), K, and T1/2 is shown in
Fig. 1 left (right) for conservative value ǫ = 10−6 for the mixing parameter
ǫ = |UeiVei|. It is clear that the closer is K to 1 for the fixed value of T1/2 the
stronger is the lower bound on mWR (the upper bound on ζ). We have also
shown that the sensitivity of the angular correlation to the WR mass increases
with decreasing values of the effective Majorana neutrino mass |〈m〉| [11].
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